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A RECON8TRUCTIOM”O?CNIUMICDOSE8QUIVALEN7SFORROtiGg~

ANDuTIRIK RESIDENTS- 1954 TO 1980
(,

E. T. Leseardt N. A. Greenhouser L ?. Miltenbgrger
.,,+.

.1.?
,.

‘..::.:..-.,.L

A8STMCT

From June 1946 to Au&mt 1958? the U.S. Department of Defense ●nd Atc)tnic ‘~$&
;.

Energy Cotmnission conductod nuclear weapons tests in the Northemllatahall
...

Islands, BRAVO,an above-ground test in &he Castle series, reaultsd in

radioactive fallout contaminating Rongelap and Utirik Atolls, @March 3,

1954, the inhabitants of these atolls were relocated until radi.qcim e%po8ure

rates declined to acceptable levels. Environmental and personnel radiological .,,

monitoring programs were begun in the mid 1950’s by Brookhavea Netior;al Labora- “ii$
..,,

tory to ensure that dose equivalents received or coudtted remained within U*S. .,,,.,,..

Federal Radiation Council Guidelines for members of the general public. Budy ‘J~
..

burden and dose equivalent histories along with activity ingestion pattern~ po8t ~~
.,.,; ~

return are presented. Dosimetric methods, resultst and internal dose equivfllent,~j~;
,yL

distributions for subgroups of the population are alSO described,
,,:4
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1 )!1.1 :ibfiy II,. - !, :1,. f,-r:)w ‘1 !Jl l), !fj ,, ,’ , , ,;l.~ ..,, ;
.,

.1o; tferch’ 1, 1954$ ●t Bikini Atollp BRAVO?the first of dk nuclear weapdn@,;~~~

.,,, !,! IJI, fjrlin~, ‘1, ) ,’1’ ;1} 1,1’,., J; 11,II I,:(,I /:,, , I i:f ;I,flj !;] (,,,., I. ’.,

contaminated region waa cigar shaped and ancluded AalangznaeV Rongelapf
I‘d

,,’ ,:! ,: :1 f;~ ~:~~B9~q .’i,,.,) -liifij Perj i ‘U fl(}t r)r,~ ,!IJ !4? lJ/l l-[/i)

Rongerik7 and Utirik Atolls which lay east of ground zero’at distances’from 60 ,,f
,~,lfl ,11, ,; )!II!:,J nj 11,<‘:: ,!;j, ?~ji .$]l.~j(l(,,,>~fi]/; /(,, J( ,~j~~ ~1,, , ,(,,, ,,

co 300 mileu, The fallout on Rongelapt initially visible at li+6 hours, hod ‘“
:[, ,., ~( ]il,)up “!< i !1 Ill ‘rlil ; (1!,1” , i[ll

thinned’ out to the extent. that it Waa no 10MW @@e~’’(8~$’~~iochou~er~G162)~ :
.jdj T’J: I ,1! ,f, ,f,J .,~,j I! / t’,11:!:!:]$,.I-lr,Il:ii:!#.

iOn March 3p’’”~954v the 64 reaidenta of Rongelap toll and’18 residents of
Ill,i’ ,I!j 7[)” ( 1! ?r. \ C4:>!J ,tj Vf,l, !JI1911,.:)}1{ .,f~ ~Jf4~ ,

Sifo Islandj Ailinginae.Ato119 were evacuated, On March 3 and49 evacuation of
;,,: OIEII, “ -~jf~i’l ‘;’’LILL1 ‘“1 Kld 1!!)1, ; J( ‘!(]?., ,f)~ .

157 Utirik Atoll reaidexat$ also took place. During the girat few weeks’ and at
,.

,Gw , ~ I ! ?,fr, / , .?(, , ,: ,,! ;7:1 l::
least once every year froa 1957 to the present, a Broo~avt~’bational {Labo\ato

,, ,: )2 !:~,, ‘1: ,.. .?!:;’ ,:: : :r,l[: ~)!!<: flt~$11.,,!
medical team? organized by the Department of Defense and by th~,Atomic Energy’

., 1 $,,. !1 ~~ ,);],,,:!:;/.;!, ,Il,;.; ul!?,l, .,
Conauission and its succeaaor organizations? has prwlded medaca,l examinations”

,.‘,’? ; ! .!! ,t,.r’ /;l>,.,( ; +,./ , ,,
monitor the health of the persons initially ●ffected by the fallout from tile n

,,. >.!, ‘{ ’j’J~po~~@iOf’)t~@i~’’fiil~i
clear testing prograrat plus a comparison populations

,’

,,.
are given in Cr56V C058V C0597 C060V C062! C0639 C0659 Co67tt’Co70r Co75f nlld

f, ,, : .:
C080 .

,,,, !1. !’.’

,,....,,

The Utirikese and Rongelapese returned to their ~ane atolls in June 1954

and in June 1957 respectively. The earlier repatriation of Utirik Atoll wtis
‘${*

based on the low level of external radiation exposure measured 8fter the i)iitial~~

3 month observation period (March to June 1954). “:%The Utirik population wag not.,~$~
“:~+”.:

examined by a Ilrookhaven medical team until March, 19577 when 144’’people rP- ,@;:*F
.. ,;,

ceived comprehensive physical examinations.
. ,.,.ti

Following the 1957, medical q~lrveyt~.j, ,,.,,
,, ,..$

two men, removed from Utirik for medical reasons? were whole body’counted flt .j,~;
?’r:/J;

1.,-,
Argonne National Laboratory and provided urine samples for radiochemical nt~al- ‘9;G

.,
,>J;

1 ‘,,,,,,),
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Body Ntmb*r ,wY ~ , .,., pyd- * Ihrdw
Jurd*n of

Ow ?001

“-““”-- Wrdon of - ‘hrrdm - - et ~~ -cum
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12
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M
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. Fig. 1 Body Mass as a Function of Age for
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BMVO toot. These datat

patten modelot provided

,,
an’.~atimate of exterd dose equivalent~

METHODS

Exponentially declinitW activity concentration. have.bepn observed in su

137Cs, %, *goface coil for 8r fr~ 1954 to the present on ~gelap

and Utirik Atolla- Declini~};@ctivity concentration have~slso been’ observed

in vegetation at a rate greatmr than that predicted by radioactive’decay.
/-, -...., - , ,. . ~~:-. -l-.–l-----T-. .T..-..rrfT. -..r..T ,,

Thus exponen~ial decline 4
in diatary activity waa amunad a$ tha following

I

general equations ware deriv@* -1

I

-

. , 0(.)!

or

and

++KE)C + (~+)@ e -( Ki+A)t
Xi Ki-lCE -(~+Ki) e

D = fl~po X —L (KE+~) (Ki+A)
)

i K.-KLE

+ qo ~i * [l-e-( A+Ki)tj,

i

where

6

(3)

lr-

~:,-.’

,.’..

..~,~

,.,,.:;,

:?“,.!I

.,.1, ~.
—-. . . ..
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instantaneous fraction of stoma decaying per unit ti#~lday-l

instantaneous fraction of atoms removed from compartment. i by
yf)jb,tjl ‘,,{ ;’! I nfn95 3fj/1 i 1-”1 da;~~,m VJ’ . Vrl:J ii ,~lJ!)!>;;i,jllj,’jllflj .{! I ,

physiological mechanisma~

compartment i dep~sition fraction!
>,

compartment atithe onset of deuliuing contiuuout uptdcel (t-o))

;: i ‘r ;*J; I” H;! ;:
subject urine ●xc~etion rate~ & day-l~

fraction fromlG13J~~9t,.?o blood~(},t.4X,- T
L.

>, ~;

fraction excreted by the urine pathway!
,ii:, ~

f)

instantaneous fraction of atoms removed or added to the atom uptalte
‘f In”; 1.. f ‘ ‘, {!.qgq],; “h

per unit timet day ‘lr due t~lf~ctora o&kergtha?rad~&kc~ive idecay j
,.” ~ I

‘Flwr.yf ,r.fj ,.1 ~fijl!j~r)fl ;.. .,. ,

instantaneous body burden?’Bq?l
,il .

body burden at the onset of ’uptake~ Bq? ‘“”
“./,, j,),,r, ; ,> i~, ), .,

the number of disintegrations in all compartments occurring’dukinfi

the uptake interval, Bq days-

t

..,,.7,<:, ,. ’:..,:
., ;.+;
;-:;; :1?)
..;ll#& ,

The development of Eqs. (1), (2), and (3) was based on the following cot]vo-
.; !+
,$y#l
“’:~g

lution integral. At some variable time, T, defined during ● fixed: uptake );.::W
,..@S?

interval, T, the daily activity ingestion rate crossing the gastrointestinal “:*
.,.. ,*>S

tract to blood is given by ,,<g

7



. --- - . . ..- ---- . - . - -

,,

Aa previously stated, ~t (2) applied at

for the eituation that variable time t wae the

1( lil!,r,L,f~,v~:> . ;!;

Rougelap aud Utirik, it was
, , , ,:,- :/! fr~<j}~:i~ nl~

uptake interval. Additionally,
,; ..,1 ., ’:,’ ~,,,

-J
“.,,. ..

.<”p ,
./,:w

.. ,
).

~,<.l{
,’. !..,

.?

persons who returned to the ●tolls in June 1954 and June 1957 did so with an ini- ‘;”@
I },,(,~(} , ‘$$$?W.. “,

i

-;’$d~
tial body burden, q“. The behavior of this contribution co body burdent M~:; ,’”.

q, was embodied in the q“ team of Eq. (2). A similar model was used to relat’e
~-y:*. ‘

:$
;;gj

;,:’*~
!“‘>!’

:...

.’ .-,., ...,., ,,, .,.-.. .—

8



! integrating EqO (2).

1

,,..?...,. :b,?*[
‘:+#,~,$

Equations (1) and (2)uere used to determine the instantmwus fraction of ‘.’~,
-u

atoms removed or added to we atom uptake per unit time? ~~ andthenthe ini-
‘}’4, ;.ej.<,..,,

1
...

tial daily activity ingestion rste required to produce the rnamwed:or derived
. ,:.,X.:*

~:*.h-.:;(-:.,*,.,<

Equation (3) vss used to determine the number of’disintegratiolls ‘}~.,.
,,

body burden. ;.~$

that occurred inlthei body-d&ing

on Uongelap or Utirik Atoll.

Zf the mean residence;time
10./ ~.f- I Inhd

dence intervalt then con~~-lconti~ws-~~-~i~$~$j:a~i$ved. ‘~q’uafions (1) find “:$
/.:?; .,.-.---, . --Y,

~ ~&@KE*i~~~,
(2) can be converted,$ot h@an@t~~~,~~~~tinuou$ @~O s bY

-A . Single uptake-expressions are obtained by setting ~ equa ~tc&$ero* In
f

\ “:(ii-’.
s,.-,,

/
some cases only radioactive decay may remove the nuclide from &ae~. items; for

1 ,/fi”.& ,,
the8e cases ~ wwld equal zero, In the case of the fo

r

A
v, i~~i::residents,
JJ,’ !

the mturing of coconut trees during residence on Bikini ~~’o’ll~cauead a con--
,’ I*!.

tinuously increasing dietq~ uptake of 137Cs? ~uc, $&a~ fo@O.tO have n..-.!.-, ..,.! ,. ,;.,, ~‘ ;-’~FJl
tive value. In the case of Kongelap and’Utirikt KEwa$ found to have a po~itive

137C8 65 60 90
value for ) Zn, Co, and Sr. This indicated that in ●ddition to

radioactive decay, some other removal mechanism dpcreasy,dflthe ra~pactivity

dietary items during the residence interval. For the nuclide 55Fe, only oiie

surement was published by the BNL Medical Program (Be72); thus an estimate o’

was not possible.

ICE waB determined by using Eq. (1) or (2) and the population subgroup

body burden or urine activity Concentration* Portions. of these bioas8ay dnt;i
,,;;$

:{.;,!
are illustrated for adult males and females in Figures 2 to 6.

,. ,,.
l’tto consecutive ~‘.):?;,

,.,1.,.,.:/“,$
urine or body burden data pointe were used to eliminate the unknown ingestion ‘::’~

...,(
‘,,‘:,.

9 ,.j,,,,,.,,. ..

.,,,
..,.

‘krmmatm’’’! -.’. .-.-...: ?.wlrr’v. ““*-*” “ ‘“‘= .,

‘,
,,
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rate from the equation. This method yields n-l esti~tes of KE *ere n wa~

the number of data points. An average value of ~ was aaeigned for each nu-

clide, and the results for the Rongelap and Utirik populations are given in
.

Table 3. For the evaluation of ~ from Eq. 1 and 2? radiological and

. physiological parameters were obtained from the open literature (ICRP59~ 1~~[~1’6B~

IcRP69t ICRF79, Ki78). A representative sample of these parameters is pref;rllted

in Table 4.

Table 3

Suaaaary of Dietary Rate Constants (K-. d-l)

60C0
90Sr

65Z 4 137C

Rongelap Adults
—..

Males 1.5X10-3 1.8x104 3.1X10-3 1?4X10-4

-3
4?1%10+ “3 -4

Females 1*6XJ0 3.5X1O 1 O4X1O

1.5X10-3
-4

3*1X10-3
-4

Adults 1.9X1O 1.4X1O
Utirik Adults

,.

-4 -4
Males N.D. 4.6x1O N*D, 1 .4XJ0

-4Females N.D. 4.OX1O N,D, 1.4X10-4

-4
1.4X1O

-4
Adults N,D. 4.2x1O N.D. .-

N.D. E No data sufficient for analysis.

The values of KF were similar for males and females and for rc?sidentG of. .

Rongelap and Utirik. For 90 Sr on Rongelap a factor of 2 difference betwe~ill KE

values was observed for males and females. The female parameter for Ronfif>i~u

Atoll compares with that obtained from the Utirik data. A paired t-test if the

Rnngelap male and female data

highly probable and therefore

indicates chat the male/female difference wiis

not significant. This difference leads to :!

15
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bimodal activity ingeetion rate distribution for 90 Sr in the Rongelap popu

t ion.

Data for
60Co and 65

Znwme nor sufficient Por analyais for the Utir

a-

k

Atoll residents. Values for ICE observed at Rongelap were assigned”to Utiril[

males and females and body burden histories for population subgroups were

reconstructed using Eq. 1 or12. Figures 7 and 8 illustrate’ the derived meal)

adult body burdens for aLl .~ignificant nuclides studied on @ngelap and Utirikt

This method provides a beet”” fit of the data shoyn in Figuree 2 through 6, altd

provides a body burden history during the early years post return at Utirik, o

time when body burden measurements were not made.

plotted to demonstrate the fit?

The curves shown for ‘s~e in Figures 7 and 8

Actual data points are nlso

were obtained by setting K
E

equal to zero. This underestimated the initial body burdens and overestimated

future ones. Since 55 Fe contributed leas than 1.0% to the total dose equiv~

lent, an arbitrary assignment of KE based on observed values for the other i\\l-

Clides was riot attempted. During 1974, another series of blood samples wan

55
obtained from Rongelap and Utirik (C07S). Analysis for Fe has yet to be

reported. A recalculation of
55

Fe body burden and its impact on early dose’

equivalent rates will be conducted when the data is made available. A SUhfif.~?ll-

tial change in dose equivalent is not to be expected.

Figure 4 and Figure 6 illustrate the observed adult histories of 90
S! and

137
Cs mean urinr activity concentrations. Mean

.. 137C8
adults were ploLled. Measured values for

Figi~re 7. A mucl~ smoother curve was plotted in

values for adult males or al!

body burdens were also shown ill

Figure 7 and it was determil]od

that the collection and analysis technique for urine samples introduced th(’ ~!ddi-

On the basis of this observation for
137

tional variations. Cs, a smooth b~l~l~

..- , .,. ! ,, s“.

17
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Fig. 1 Composite Nucllde Body Burden History
For Adults at Rongelap Atoll
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burden curve for 9oSrt reconstructed fram raw data and Eq. 1P wm’considered! {t

more accurate history. A detailed presentation of the greater variation in

radiochemical analysis of urine versus direct body burden measurements can be

found in Mi81.
..

Figure 9 illustrates thp vari~tion exhibited in the body burden of 5
,~! ,

randomly chosen subjects ovSFt the 25 year:,,*,,
variations may have had a dm@dtic impact

illustrates the 8dult malet ●dult femalet

burden for the 25 year exposure period, a

seen during the years 1958 through 1963.

monitoring period, These individual

on the’ mean data, In Figure Z? which

and ●dult population mean 137@ body

decreaae followed by an increaee wna

Although the Castle BRAVOtest ini-

tially contaminated Rongelap in March 1954$ it had been proposed that the
‘,

Hardtack Phase I series added to this an amount of co~taqination equal to that

responsible for the Figure 2 body burden pattern (Co63).~ Figure 9 suggests tllot
!,

most individuals counted in those years had body burdens-which remained the s~)me

or declined; however! one individual’s burden (#881 M) rose and fell quite

differently from the others. Several factors could have contributed to thio

variation from the mean such as departure and return to the atoll, sickness, [he

dietary contribution of imported foods, etc. Since the mean valuee are based

on small numbers of persons who were chosen at randant it i. conceivable that in-

dividuals like 881 M influenced the mean body burdens to a greater degree than

recontamination of the inhabited atolls. The impact of the individual body

burden pattern on the true mean value is moot since body burdens of all ir?divid-

uals were not monitored consistently throughout their residence intervals except

in the few cases exhibited in Figure 9.
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RESULTSANDDISCUSSION

Daily Activity Ingestion Rates

Daily activity ingestion rates were calculated for dosimetrically signifi-

cant nuclidea post return. An exponential decline was proposed for the ingeo-

tion rate within a population subgroup and initial reference values are given in

Figures 10 through 14 (June 1$ ~957~ WaS aasi8ned as a return date to Ron8@l~P)”

Figure 10 demonstrates the differences in ingeotion of
137

co for various populo-

This undulating pattern waa exhibited by
137 90

tion sub8roupu. cc, Srt and
65

Zllt

—

nuclides for ‘which sufficient data existed for ●naly$is~

Difference in ingestion rate. of the stable element ●t the same geo-

graph

23).

c location have been shown to occur ●mong members of ● ~opqlation (ICRI1
,., !,4

Age dependent diet studies for ingestion of C@ for urbx’’~ipan have valul?fi
t,.

-1
varying from 11 pg d‘1 for ~ulto to 8.6 vgd ~for childre~~! S~~in a weste]l].-n ~:

type diet rose from 600 IJ$ d~~.-for infante to 690’vg d
“‘1 ’065 fear O1ds ‘0

-1
,’,

3,600 pgd for 13 year olds ●nd fell to a mean of 1?900 ~g~~~l;~for adults. Zn
?.

in the United Kingdom rose from 2 to 40 mg d-~~ the higher value of Zn being

observed in adult tea drinkere. Fe ingestion in a western type diet has a minim-

um at age 3 and maxima at ages 1 and 20 years. Co is ingested at ● rate of 20

-1
~g d for .lapaneae adults and half this amount for children. The 148rshallefIo

population also exhibits dietary changes .ss a function of ●ge. The authors of

the Marshall Islands Diet and Living Pattern Study (Na80) observed coconut ~fil]

being used as a major food supplement for infants, and later in adult life es .i

major source of daily fluid intake. Since coconuts and coconut tree sap pro-

137
viclcd the major source of Cs on Bikini Atoll (Le80, Mi80), the shape of Fig

ure 10 was in agreement with the observed diet pattern.

22
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,, ,.

Figure 11 shows the individual data calculated for 137CS fo~”all Rongelap

residents and is referenced to June 1, 19S7. The individual maxiawm ‘37C. d~ily

activity ingestion rate was approximately 4 times the population mean value.

The standard

tion was 41%

adolescents ~

exi]ibited a b~oader distribution th~~~~a~#l~$’~,-)W~$~~~,chil@~~n s~y?wed a ‘ractiOt’nl
1;

variation in /activity ingestion rate similar to that of a ults?, Breast feeding
1

deviation observed for the adult activity ingestion rate distribu-
.

of the mean value? 39% of the mean value for young ●duits$ 48% for
.. .

38% for childre~ and 54% for’ infants.”’ Molg&centa ●nd infants

vfrsus coconu’t sap supplements would hsve contributed to t~e greater variation,. I ,

ob%erved in infants. Adolescents and young adults were }llepo~lation SUbgr(NIltfI
,/ ,<

which have been observed to move frequently between “ato~{a. Th”is mobility would
. . 1

le?d co greater variations in the daily. activity in8estion ratQ,e rehtive to.,
+

those observed in the more station~ry population SubgrUupT. ,

Figure 12 also exhibited ~ wave pattern; however, a distinct difference lTe-1,.

twcsn males and females was imdicated. This difference a~ose from the use cf
I

vaiues for KE listed in Table 3 which were derived from urine data for male ami

fe~ale residents at Rongelap Atoll. Its major impsct was on the dose equivalel!c

rate, not on the total dose equivalent; and its effect was to cause the dose

eqllivalent rate far males to rise and decline more rapidly than for females,

Figures 13a and 13b sumarize the individual data for 90Sr for all

Rongelap residents and were referenced to June

ob~erved for the distributions which contained

difference in the
90

$i~ dietary rate constants.

indicnted thnt the observed difference between

1, 1957. A bimodal shape was

both sexes, again reflecting [Ii{}

Data from urine bioassay

the male and female valuee fot I’E

was not significan~. A t-test was performed for consecutive urine measurement

data during the 23 year residence interval. The results indicate that becauge

28
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observed. Thus differences in’’the derived activity ingestion rates’ and dose
.

equivalents were not significant,
., , ~t.

Figure 14 shows a semi-log plot of the
65

Zn and 137CO activ<ty’i ingestion
,:, ,.,

rate histories for adults on ‘Rongelap. ‘A tune ~as’’dra~ ti~qtween’’pbiritsp and

,0 1,’,J37’
the appearance of an increasing Cs ingestion r~te(during’’the”’i’1960’06’’’indicatcd

the possibility of another contaminating event.
,,

The Hardtack Phase I series w:]~

conducted just prior to the observed increase in the curve and fallout from thv

cactus, Yellow Wood, and Hickory experiments detonated at Bikini and Enevetak

would have reached Rongelap, However, several observations fail to support thv

conclusion that recontamination was significant. These are ‘as follows; 1) th[~

increase in 137 Cs ingestion rate was not in conjunction with an’inckkase of

65
Zn; however, since 65

Zn is an activation product it may have not been producc(l

137in the same proportions. 2) The peak Cs body burden at Utirik occurred

nearly three years after the initiating event, C8stle BRAVO, while the pe~k bo:lv
(

burden at Rongelap followed six years after the potentially contaminating exp@?’j -

ments of the Hardtock series in 1958. 3) The activity ingestion rate at Utirik

demonstrated a continuously declining pattern versus the humped ’pattern observed

at Rongelap. This occurred even though there was an equal external exposure

rate history following the Hardtack series as measured by the U.S. Public Heal[.11

Service on both Rongelap and Utirik (Un59). 4) The peak expoeure rate on

.-
Rongelap following the Hardtack series was 10)000 times less than the peak expu-

sure rate followin~ BRAVO. These facts suggest that the Hardtack series was IIoi

a major factor influencing the Rongelap body burden patterns. Thus it is

postulated that body burden variations were caused by travel away from the at(ll

29
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the total body dose,,$qpivalent rate.? 141@P,Y-l~ ::(!

equilibrium dose

burden, uIRem Y-l

instanteous body

equivalent rate to the total body per un,it ‘body

kGiO1?

burden, pCi.
.:;
‘d

The approximate nature of the estimate was due to the assumption that the

radioactive atoms were distributed among the body tissues as they would be fol-

1

lowing constant continuous uptake for periods of time much greater than the m~on

90
residence time for the total body. In the case of Srt 86% of equilibrium wos

assumed. These assumptions were not used in the estimate of the total dose

equivalent. In adciitionl since mean adult body burdens were computed, a factov

of 1.2 was needed to adjust for differences in body mass relative to a 70 kilo’-

gram adult, Table 5 lists values of 1 which were determined from infonuation

given in ICRP59 anti corrected for body mass differences.
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Figure 15 illustrates the relative contribution co the ~=~.osite do~~
.

equivalent rate for each dosimetrically significant internally deposited nu-

elide. For the average Rongelap 8dultt the residence intervs} begins JUIIP 1?

1957; howevert many adults were reported to have resettled du~ing the n~<i! 3 to

6 umnths (Co80b). The canposite dose equivalent rate indicatqd that a bii~~~d

maximum of approximately several hundred millirem per year persisted for several

hundred days. Most of the dose race is attributable to the 137
Cs compon~flll Ce-

il ,
.4

sium dominat~d over the entire past return period and w~ld be of P~im@ “~illce~n ‘.!

for populations returning to a contaminated environment yearu after a filiiiion .;

..’,

type initiating event. ‘..,,
,,,.:

Figure 16 illustrates two possibilities for the Utirik dose equivnlvnt ;
,,..

65rnte resulting from the Zn body burden history during the first three y!’nrs

The higher body burden resulted frm use of the two measulr(l bs~n ~post-return.
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body burden means

Rongelap. It was

diet pathway each

for adul$qwn Utirik ●nd the observed ICErate~copstaut from ‘~~y-

.1

.,,:.!
65

obeerved oq Rongelap that .031% of Zn was removed from the ;~~a
.:$

day in addition to radioactive decay. Additionally, reduction ,~’.
1’..-

:,’ .;1137
in dietary radioactivity on Rongelap had been observed for C,, go ‘“coSr, and

,.

to be greater than that predicted by radioactive decay a+one. Instantaneous re-

(
duction fractions very\;~$j~{ 6~;~6,$~’~$zkp~*~~P2”~ere ‘Ob~$rved *E Utirik for

the 90 137 4
Srt and Cs nuclides, The lower curve@ Figure~i61 reflects the dom,

equivalent? dose equivalent rat~~ ,and body butien ~ich ~~ld have occurred li~~d
I ,!

65Zn from the Utirik envi-radioactive decay alone ddu~nted~)foe”jti’~~val of
1!,

ronment. Since additionelMochanima caaXd’ be measured fqf other nuclides at
$lA3Y\9tl.i ~ .,<,:r,.. :’

Utirik and for the 65,, 2n nu lide on a nearby atoll?”the upperLcurve was chosen as
~ *%312:! ‘ . i ,,

the most likely body burden history for sdults post return t? Utirik Atoll.
!:: .4

Figure 17 indicates the Utirik adult mean total body &oe equivalent rat:e
,r,

fvr each nuclide. An obvious difference relative’ to the: R&.#clap history

65
exists; i!n not

137
Cs wae the major nuclide contributing to the dose equivalent

ra te, This was due to the Utirik population returning 3 to 4 months after til\P

initial contaminating event$ and the Bongelap population returnin~ after 3

years, TIM?age of the fsllout hed a dramatic influence an the importance of

60each nuclide contributing to the internal dose equivalent. In fact Co an!]

65Zn played major roles during the first 3 years, a time intervsl that

corresponded to the period during which field whole body counting facilitieti

were being developed at Brookhaven National Labor&tory and when medical exalti!na-

tiona for people on Utirik Atoll were not done. Additionally, pooled and/or in- ‘“”,,$*
.$?$

dividual radiocl~emical analysis of urine waa not performed during this period. ;;:;
‘.. ,..

65 60
!.. !

The impact of
“’:<

Zn and Co was such that even if the I.eaat conse~ative rnt.~~ :ff:.
,,;,
.,:,“

$..,

‘.,
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constant (ICE-O)was

adult was in excess

years following the

. ,,.,:

ueed for Zn, the dose equivalent rate for the ●verage

of Federal Radiation Council Guidelines for the first 2

return to Utirik.

Internal D08e Equivalents

Disintegrations occurz%ng’ in the ’total-bodylof~an individual during resi-

dence following repatriation-w~re dete~ined bY •e~e~al ~tb~s” Equation ‘3)?
.

together with personal body~urden hi8torie~ and-atoll @Pecific RE rate con-
. . . .’

stants from Table 3, provided--an initial estimate ofj disintegrationa between cons-

ecutive body burden measur~nts. The se~ond umsthod used was ●

the subjectls body burden history and an ●lgebraic determination
i’.

t’..o consecutive measured pointc* The th,ird method ueed~a linear
7

sli~ j??ctrs body burden history~ The area under the curve was cut

log-log plot of

of ●rea between

plot of the

and weighed and

cou~r!ared to a standard weight of known ● rea, Quality ’control procedures

~equired that all three metbodo agree within *1O%befor’e a subject was assigl)ed

his or her total body disintegrations during resideqce post return. In general,

the methods compared to witb~n *5%.

After the total number of di5integrati0n8 occurring in a subject’s body

was assigned, they were apportioned among the body organs according to the fol-

lowing equation

f’ Z+A*B, (~iCiDi + ln2/A)~= 2 11 1
* lr\

where

F 5 the fraction of total body disintegrations

interest,

occurring in the organ of

●

Ai 5 orgatl compartment deposition fraction for the element!

36
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Bi E organ caapar~nt biological half time for the ●l~ntp

Ci S total body c~partment deposition fraction for the element,

Di S total body compartment biological half time for the elementt

f; E fraction of-the element from blood to organ of ~eference.
,

Equation (5) ~applied where significant decay occurrediat the deposition
I

site, and not duriqg transit or re-transit to the org~ of \nterest. Valucb for
I

compartment deposition fir&i’ione’ and comp~rtment half times \were obtained from
..

Ki78. Values for ghe re#i~ing’ qu.n~tiec were from ICBP59J ‘~
/ f,,

The dose @quivale&@ to a specific organ or the total iody.were determined

by using the source to tar8et dose equivalent per unit cumulated ~~ctivity pnrame
i

ters from Ki78, The total,-,carget dose equivalent was%obtain~d by”.suumatiuu of,. I . .
the dosimetric contributi~e from all aouzce organa. Several important m(lifica

7W
tions to the general procedure werg made in order to compute; individual

!
l,.

dosimetric results. For, ~ch personp the source to target d~seik@ivalent per
,.

unit cumulated activity was weighted by the ratio of a atand~rd mants body MOSS,,}

relative to the actual mean body mesa during the interypl fog which the d(~~]o

137equivalent was determined, In the cane of Cst the ltmg term biological re-

moval rate confitant for the Blarshallese population was highly dependent UpOII

body mass (Mi81). Appropriate modifications to ~q~ (2), (3)? end (S) were mde

90
to reflect this dependence. Finally, for Sr deposition in bone, 28% of LIIC

source to targ~t dose equivalent per unit cumulated activity was assumed fr[!rn

cancellous bone and 72% from cortical bone,

Figure 18 demonstrates the mean dose equivalent from 137 Ca for vario~l({ age

:;,);

and sex groupings. The residence interval waa from 1957 to 1980 for this ~~(jl}ula- ;::
.;

tion. The adolescents and persons above 50 yeara of age in 1957 maintaine,l r.he
‘,’/..,*‘:;,!

‘,,?4

lowest dose equivalent, Persons who died during this period were not incl!.iti(?d “,’~

,,).,,.,,
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in the figure nor were they included”in a~Y doa~t~ic d~etributions for any of

the nuclides. Thus all persons considered, regardless of initial age in ]957,

experienced a 23 year exposure interval.

Figure 19 shows dose equivalent distributions according to age and S(II( for

137 CS among the Rongelape~e”. ‘1’lte shape or the population distribution wa$
i!,

1’
skewed with a mean of 1.71Rem and a“maximumof 9*O Rem. Tlwe t~~ maximum was

137 ‘
:..

5.3 times the mean value,~or Cs onjiiongelap. An exam~nat~p~~f, the su~t31_ouP
.; $>1’

distributions reveala thgc~persons who were infants at the time~of rehabi~.tlt.ion
1’ ,

at Rongelap also were the.iracipiento of the hi$hey’doae,e.
:,

Thie[wss due to ~tle

combined effects of loweF ●verage body ma88, a higher average “’i~estion rnt~,
is

137
and more rapid turnover of-, Cs than that for adults or even children. “1110pa-

rameter having the greatest impact on the infant dose qquivalen(t was body IIIflSSQ

The standard deviation fvr.the adult male distribution;wa$ ~?% @f the meal} dose

equivalent, for adult females 43% of the mean dose equivalent and for adr)lt?s-

cents 47%. Within a subgroup, the maximum observed dose equivalent was iit)proxi-

,:$
mately twice the mean value for all distributions considered here.

+
;$:

Figure ?.0 shows mean dose equivalents as a function of ,returning agt] :8
;:;,?

65
Zn on Rongelap. Adolescentst young adults, and qdults 50 au!l up

‘:~groups for ;,,i.,/#
.!\.%

were the groups receiving lower total dose equivalents, while children and mid-
;?<,,.:.,(
“*.$
.’ ,.:.!

dle aged persons received higher dose equivalents during the residence interval. ,,:.,
,2

65
,,

Measured Zn data for persons wbo were infants at the return date were ncI~
,.,.,>
~,,:..

,. :,,,
reported in the publications by Conard et al. .,

,;;,.

Figure ?.1 shows the dosimetric distributions observed for mmberw of the j“
..,,

,,.
65zn

Rongelap population for .
.,

Again the population overall exhibited a skewed

distribution of dose with a maximum value nearly three times the mean. (ll)ldren ,“

demonstrated higher doses than persons who were adults during the entire ?’! ,
,.
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Zn Mean nose Equivalent for Various
Mid 1957 Age Groupfi for the Interval
1957 to 1980 at Rongelap Atoll
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J‘.?

year period. The standarddoviation was in general 30% of the mean value for all ag~~t
,,,

and sex subgroup distributions. This less pronounced variation may be due to

/

+
J

65 90~r
, .4

the fact that Zn measurmnts took place over a 3 year interval while
.,.>

and 137

,;
*

Cs occurred over a 23 year interval and thus was contained in a more ...;.{
,’

homogeneous population than were the longer lived nuclides. t. .,

Pieures 22 and 23a an~y23b suumarize the’go
.,,

Sr dose ]eauivalent results for J
.,.;.;
,J,,

individuals at I&ngelap.

In this analysis, only the ingestion pathway was considered bportant,

Some radioactivity would anter the body via the resuspension and direct inhil[o-

tion pathways. It is known that for a given soil concentration ok’’~he stab!~
%,?,

naturally occurring analogs,,~o tlw radiopuc$ide’e considered here? the ratiof;
y. :

of food and fluid intake to blood relative to airborne intake to blood, are

0s follows:

co > 3000 Zn > 130 .,

Fe > 550 Sr > 10,000 ‘

c@ > 4of)

Thust dietary intake of radioactive material is the principal pathway leadil,g to

internal deposition, This applies to most nuclide$ in the envi~ormtent, howovert

there are notable exceptions including 1, U, and Pu.

External Exposure

A value of +73 rad@ in tissue of interest per rontgenf measured in air HL

one meter above the surface, was used to convert exposure in air to absorbefl (lose

l%e source was assumed to be an exponential distribution of 137in tissue.. (:; ~c-

tivity with depth in soil, typical of aged fallout (Be70). Because of the

multidirectional nature of the source? variation of absorbed dose with depth of

orgnn was minimal. Additionally, external doses were adjusted for living po!-
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tern va;i{tioq~$~ince the atolls present ● heter~ene
,, ~._.~~~xW~re rst= environ.

ment (Gr7~). :-;’:
,:~ r-
,-.:1

ExternaL.,exposure calculations are based;o~ Figures 24 to 26 which were.,;

derivqd ’f~om data listed in Cr56~ Sh57~ Un59~ 4JWJCr77, The area under strei~ht
r.,;

]ine portions of the curve was-$etemined ’by ‘, . I . . . . .. . ..
r“’.

.-7 -,. .
.,

,- !.. :.: . -,. ,-.

(6)

., ,,

where ,, r
i

:,

x “5 external exposure during str~ight line interval, mR,

-1
‘2

5 exposure rate at the end of the inte~al$ milh t.

‘1 = exposure rate a$.the beginn~g ~f ‘*s imtep,aif ~“!.? .. . ,. .’-
,,(.

time post detonation at the end of intervalt hours!
,t!.,,,

“2 :

‘1 : tb post detonation at the beginning of intemalf hours?
,.

nE ulope of a straight line.

Data from 11 detonations during May! June? and July of 1958 (ShS7) ~ndicated a

mean fallout deposition exponent of 18.8, This mean value was observed at

Utirik, Rongelap, Parry, and Wotho and was applied to early time post detonation

of BRAVO to ob’tain the initial increasing exposure rate history shown on

Figures 24 and 26. This method yielded a fallout deposition pariod of 5.5

hours on Rongelap and 12 hours on Utirik. l’hia time compares well with the

original observations reported by the Marshallese and by U*S. Navy personnel

stationed in the area (Sh57)* Initial dose equivalents on ‘facute closest’

are developed in greater detail in another report.
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“.

Figure 25 demonstrateo ..’,gheexternal exposure following the 1958 testing 81?-..:L.”

Tie#s flince return to ltongelap followed 3 yeare after the WMVOcontaminatioi~,

this series contributed in la~e part to the external ●xposure post return.

.

SUMMARY

The Castle BRAVOshot of March 1954 caused the contamination of the

inhabited atolls Rongelap and Utirik. Evacuation from Ro gelap coannenced 50r ,,,,
hours after detonation and from Utirik 55 hours ●fter detonation. During Junr”

.

1954 and June 1957 the return of the Utirikeee apd llongelqpese roccu~red respec-
>’

tively. Body burden data for dosimetrically e~gnificant quclifIes Were obtained
4

throughout the residence interval post return primarily by direct @ vivo gamm
.,,

spectroscopy and by indirect radiochemical analyeie of uri’pe a,tid b~ood,

[

.

The dosimetric models sed in this analyais were rep’resentat$ve of a

declining continuous uptake ‘egime. Dietary decline of ra~ioactiv~ty included
i ...

radioactive decay of the sou”ce and a conglomerate of other factorq which migl)f
r 6

have included increased use qf imported foods and weathering of the source. D~.-

etary loss rate constants were estimated from sequential body burden data and

were comparable for both atolls.

Variation in body burden histary data for a particular nuclide on a partic-

ular atoll was r)b~erved in whole body counting data and urine bioassay result :],

This was attributed principally to the statistical variation encountered when

small groups are sampled from a heterogeneous group of body burdens in peopl(’,

and in the case of urine bioassay additional variation was introduced during the

laboratory analysis of samples.

Daily activity ingestion rates were determined for all measured

radionuclides. In general, infants, children, and adults between 20 and 40

50

, .. , . . , , , , ~ ,,. ... ..”~ •fl..~ *.—. .



●

years of age.ingested more a.c~iti$y.e~ch daX..t&~Kd~UdQl@ #G#M$.-@;”=r~~@
;,,’!

greater than 40 yeara of age. ?laximum deviation from the average value of the
,!,

daily activity ingestion rate $~~,membets ofan a8st\fgubgroup wq,a,no greater thun~ .. - .

a factor of 3. Nowever, the population discribu~hns illustrated a~~m fac-

.

..
.

.

tor of Sthaes the mean activity ingefltion rate value. : , :I;
,,,, t (. .,!

Dose equivalent rates post return w@re detertuined’ ’for member~”-from both
‘,1

atolls? For Rongelap Atoll, the residents received approximately 100 Co 200 ,,

arRern per year during the first 5000 day~!post return frm internal emittetisi;
,

The principal contributing nuclide wnn
137

ca, For Utirik Atoll, the residents

received up co 15 Rem per year during the first

65 60C0
contributing nuclides were Zn and . Dose

Utirikese from internal emitter$ fell below 50Q
;.

1200 days post return. I

I

400 days post return, de major

equivaleqttrat~s to the. ..-.”

mRem per yeqz at approximately
I lit,

,.,.

The dose equivalent foripopulation subgroups and for iqdividuale was dec(’r
(

mined. Table 6 surrrrrarizes the. .results for the total body, thyroid, redewrrow,

testes, ovaries, lower large intestine wall, and liver. The catenary compart-

ment model of Bernard and tiayes (Ber70) was used to detemaine doses to various

segments of the gastrointestinal tr~ct. The Utirikese received significantly

65
more radiation dose from Zn,60 55Co, and Fe than did the Rongelapese because

of short mean residc!nce times of these nuclides in the environment. 90Sr dosoo

137
to the Rongelapese were 2.5 time greater and Cs doses 1.5 times greater thou

doses received by persons at Utirik. This occ~rred even though Utirik residerlts

returned to their atoll 3 years earlier and somewhat reflects the degree

to which Utirik was less contaminated than Rongelap.
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Tab le 6
!~~),:$ ,,, “ ,, .,.

Chronic Phase
hoe Equivalent ~Sunnary!j Rem ----

:To8al Body Z!iY@:

Utirik I i Rongelap ‘ ‘‘ U~ irik lllongelap

Nuc lide Adults Adult. Adult@ Adults ..-.
.,,,,, ,! .,, ,

9ofJ~
“ 551?@

137CU
60c0

‘ ti~zn

Internal
External
Total

9tlqr
55 ye

137,:*
6[ co
6; ,3

In c -nal
External
TO L:.L

9osr
55Fe
137c~

60C0
65z~

Internal
External
Total

,012
.033 ‘

1.1
.51

13.
14. “

3.2
17.

Red Marrow

,054
.060

1.7
.63

17.
20.

3.2
23.

.027 .00075 ,0017

#023 .059 .042

1*7 106 2.4
.014 .36 .010
.076 11. .067

1.9
2.0
3.9

.12

.042
2.6

.018
,10

2,9
2.0
4.9

13. 2.5
3.2 2.0

16. 4.5

Testeu+3variee

.00075-.00075 .0017-.0017
.058-.062 .074-,043
1.5-1,7 2.3-2.6

.44-1.8 0.12-.050
11.-16. .069-.099
13.-20. 2.5-2.8

3.2 2.0
17.-23. 4,5-4.8

Lower Large
Intestine Wall

.23 ,57

Liver

.00067 .0015

.067 .047 ,12 .080

.59 .90 1.8 2.7
4.7 .13 ● 79 .022

15. .091 17. ● 14
21? 1.7 19* 3.0
3.2 2.0 3.2 2*O

24. 3,8 22. 5.0

—m.
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